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ABSTRACT  
The contamination of street vended vegetables may occur through the usage of manure and 
contaminated irrigation water, and the consumption of these vegetables, such as ready-to-eat 
salads, can cause foodborne diseases in consumers. The objective of this study was to investigate 
the Enterobacteriaceae diversity in vegetables sold at informal markets in the Johannesburg 
Metropolis. A total of 201 vegetable samples were purchased from randomly selected street 
vendors from different regions in the Johannesburg Metropolis and analysed for aerobic growth 
count and Enterobacteriaceae contamination using Plate Count Agar (PCA), and violet red bile 
glucose agar (VRBGA), respectively. The diversity of bacterial isolates was analysed using 
sequencing and phylogenetic analysis. The aerobic bacterial growth counts of vegetables from all 
the regions ranged from 7.66(±0.759) to 8.37(±0.347) log10 cfu/g and the mean aerobic growth 
counts of vegetables from Soweto and Yeoville were significantly different (p ≤ 0.05) from those 
of the other regions, but were not significantly (p > 0.05) different across different vegetable 
types. The Enterobacteriaceae growth counts in vegetables from all the regions ranged from 5.05 
(±0.647) to 5.45 (±0.693) log10 cfu/g. The mean Enterobacteriaceae growth counts of vegetables 
were not significantly (p > 0.05) across each region and different vegetables types. The 
predominant Enterobacteria genera were Serratia (35%), followed by Hafnia (21%), Aeromonas 
(17%), and Pseudomonas (5%). In conclusion, this study shows that the vegetables sold at the 
informal markets in the Johannesburg Metropolis have high aerobic bacterial growth and 
Enterobacteriaceae contamination due to poor hygiene practices. The dominant 
Enterobacteriaceae genera isolated are Aeromonas, Hafnia, Serratia, and Pseudomonas, which 
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could be opportunistic pathogens. It is recommended that the Department of Health improves 
vending and sanitation facilities, to prevent cross contamination. 
Key words: contamination, vegetables, bacteria, growth counts, regions, predominant, hygiene, 
diversity, informal markets, sequencing. 
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CHAPTER 1:  
INTRODUCTION 
1.1 BACKGROUND  
There are various global awareness programmes, driven by the World Health Organisation 
(WHO), to promote the consumption of vegetables at specific recommended portions for better 
health and well-being of humans especially for children and elderly individuals (Rekhy & 
McConchie, 2014). Green-leafy vegetables such as Chinese cabbage, pigweed, Jews mallow, 
cowpeas, pumpkin leaves, Tsamma melon, spider flower, and black nightshade are good sources 
of micronutrients such as potassium, iron, beta carotene (β–carotene), calcium, magnesium, and 
vitamins such as vitamin A and C (Van Jaarsveld et al., 2014). The consumption of vegetables is 
increasing on an annual basis globally, considering that there is scientific evidence that the 
consumption of vegetables may help prevent many degenerative diseases such as cardiovascular 
and cancer related diseases (Rico et al., 2007). Vegetables contain high amounts of 
phytochemical compounds such as vitamin A and C, and β–carotene which can prevent tissue 
and nucleic acid damage due to oxidative stress (Kongkachuichai et al., 2015). These 
phytochemical compounds regulate the oxidative signalling pathways and protect cells from 
molecular damage (Chikara et al., 2018). 
Apart from their chemical composition and nutritive value, the quality of fruits and vegetables 
are often iimpacted by a number of spoilage and pathogenic microorganisms (Snyder and 
Worobo, 2018). The reduction of Enterobacteriaceae and Pseudomonas counts on vegetables 
such as baby spinach can be beneficial in reducing the public health complications caused by 
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these spoilage organisms on consumers (Truchado et al, 2019). Improper crop growing 
conditions in the field and improper hygienicpractices when handling vegetables during 
harvesting, transportation, and storage may enhance contamination and spoilage of vegetables 
due to growth of microorganisms (Shobha, 2014). Vegetables grown in soil containing treated or 
raw manure have been found to have a higher risk of being contaminated with antibiotic resistant 
bacteria (Tien et al., 2017). The contamination of vegetables by bacteria across the farm-to-fork 
chain has been found to be especially high during transportation (Ssemanda, 2017). During 
processing, vegetable contamination occurs in the production plants if the surfaces are not 
properly sanitised and hygiene not properly maintained (Lehto et al., 2011).  
Vegetables such as lettuce, broccoli, cucumber, tomato, cabbage, carrot, green pepper, 
cauliflower, mushroom, green pea, spinach, and onion have been found to have a high 
prevalence of pathogens such as E. coli and Salmonella (Sospedra et al., 2013). Both organic and 
conventional vegetables have been found to contain high levels of pathogens such as E. coli due 
to poor agronomic and hygiene practices during harvest, transportation, and selling of vegetable 
products (Maffei et al., 2013). Furthermore, vegetables such as lettuce and cabbage, which are 
often consumed raw, have been found to contain high counts of both pathogenic and spoilage 
bacteria before and after harvest (Dugassa et al., 2014). 
The spoilage of vegetables such as tomatoes is due to contamination with a wide variety of 
bacteria and fungi, including: Bacillus subtilis, Bacillus aureus, E. coli 0157:H7, Klebsiella 
aerogene, Pseudomonas aeroginosa, Salmonella typhi, Proteus mirabillis, Staphylococcus 
aureus, Penicillium spp, Mucor spp., Aspergillus niger, Furasium spp., and Saccharomyces 
cerevisae (Wogu et al., 2014).  
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The presence of Enterobacteriaceae in lettuce and curly endive vegetables was shown in a study 
which investigated the characteristics of Carbapenem-resistance Enterobacteriaceae in ready-to-
eat vegetables in China. The Enterobacteriaceae species isolated from these vegetables were 
Citrobacter freundii and Klebsiella pneumoniae, which are pathogenic in humans (Liu et al., 
2018).  
Extended spectrum beta-lactamase (ESBL) -producing Rahnella aquatilis and Serratia fanticola, 
the ones that produce penicillin, cephalosporin and cephamycin resistant enzymes (AmpC beta-
lactamase -producing) Hafnia alvei, Serratia plymuthica, and Citrobacter freundii, as well as 
third-generation cephalosporin (3GC) - resistant Enterobacteriaceae were isolated from retail 
vegetables sold in Dutch stores. Contaminated vegetables may transmit the resistant 
Enterobacteriaceae to consumers, resulting in them acquiring these resistant genes (Hoek et al., 
2015). 
1.2 PROBLEM STATEMENT  
Problems related to microbial contamination of retail vegetables are most often associated with 
the presence of pathogenic and spoilage organisms. The contamination of vegetables may occur 
through the usage of manure and contaminated irrigation water on vegetables such as lettuce and 
spinach (Adenusi et al., 2015). The consumption of vegetables such as ready-to-eat salads, which 
are contaminated by pathogens, can cause foodborne diseases in consumers (Stephan et al., 
2015). Escherichia coli O157:H7 has been isolated from lettuce grown on soil treated with 
contaminated compost and water that was used for irrigation (Faour-Klingbeil et al., 2015). The 
contamination of vegetables can also occur as a result of poor hygiene practices during 
4 
 
processing, especially washing, peeling, cutting, and packaging (Castro-Ibanez et al., 2017). 
Kitchen knives used to cut lettuce have also been found to transmit E. coli and L. monocytogenes 
from contaminated lettuce to fresh lettuce. (Zilelidou et al., 2014). 
Spoilage of vegetables is a great cause of concern to consumers and vegetables juice 
manufacturers alike (Snyder et al, 2018). Pseudomonas species are the most common spoilage 
bacteria isolated from vegetables such as spinach, lettuce, and broccoli. In packaged vegetables, 
the most common spoilage bacteria are the gram-positive lactic acid bacteria. Spoilage bacteria 
can be transmitted to consumers through the ingestion of contaminated fruit and vegetables 
(Douesset, Jaffres, and Zagorec, 2016). The low cost Neutral Electrolysed Water washing 
method can reduce contaminating spoilage Pseudomonas species from vegetable surfaces and 
control the effect of their spoilage (Pinto et al., 2015).  
1.3 IMPORTANCE OF THE STUDY  
Despite the various global awareness programmes, driven by the WHO, that encourage the 
consumption of microbiologically safe vegetables due to their health improving potentials  
(Rekhy & McConchie, 2014), some studies have revealed that vegetable may be a source of both 
pathogenic and nosocomial bacteria for humans. The findings from this study will give an 
overview of the hygiene condition of vegetables sold at informal markets in the Johannesburg 
metropolis. Data from this research will be provided to the Johannesburg Metropolis Department 
of Health and this will assist in the development of policies and regulations aimed at improving 
the sanitary conditions in vegetable retail outlets and improve the hygiene quality of the retail 
vegetables.  
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1.4 AIM, OBJECTIVES, AND HYPOTHESIS 
The aim of this research is to investigate the Enterobacteriaceae quality and diversity in 
vegetables sold at informal retail outlets in the Johannesburg Metropolis. 
The objectives of this research are: 
1. To investigate the microbial quality of prominent vegetables sold in different locations within 
the Johannesburg Metropolis. 
2. To investigate the Enterobacteriaceae quality and diversity in vegetables sold at informal retail 
outlets in the Johannesburg Metropolis. 
3. To investigate the phylogenetic relationship of Enterobacteriaceae species isolated from 
vegetables sold at informal retail outlets in the Johannesburg Metropolis.  
The research hypothesis are:  
1. The aerobic bacterial growth of different types of vegetables sold at informal retail markets 
will be similar or higher than log10 cfu/g. 
2. The enterobacteria growth count of different types of vegetables sold in informal retail outlets 
in the Johannesburg Metropolis will be similar or higher than 3log cfu/g.  
3. The enterobacteria species in different vegetable types sold at the informal retail outlets in the 
Johannesburg Metropolis will be diverse. 
1.5 DISSERTATION LAYOUT 
This study is made up of six chapters, organised as follows: 
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Chapter 1: Introduction 
This is an introductory chapter to the study, it provides background and an overview of the 
research. Included in this chapter is the problem statement, purpose of the study, aim, and 
objectives. 
Chapter 2: Literature review 
This chapter gives an overview of existing literature on the microbiology of vegetables. 
Chapter 3: Research methodology 
This chapter provides details of the locality of the study, method of sampling, data collection 
method, and instruments used. 
Chapter 4: Results 
This chapter provides the collected results and its detailed description. 
Chapter 5: Discussion 
This chapter provides the explanation and interpretation of the results, based on previous studies. 
Chapter 6: Conclusion and recommendations 
This chapter provides the summary of the research findings based on the objectives and possible 
solution to the research problem. 
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CHAPTER 2:  
LITERATURE REVIEW 
2.1 COMMERCIALISATION OF FRUITS AND VEGETABLES  
Vegetables such as lettuce, cucumber, and tomato are used to make raw vegetable salads sold at 
both formal and informal markets. These vegetables are washed and shredded to produce salads 
(Sopedra et al., 2013). Some fruits and vegetables are canned before being sold to consumers 
(Durand et al., 2015). International standards for fruits and vegetables have been introduced as 
these products become commercialised. For example, methods of mycotoxin screening are being 
used for identification of mold on tomatoes, onions and other fruits (Van der Perre et al., 2014). 
In Nigeria, indigenous fruits such as African star apple, African mango, hog plum, Roselle, and 
tamarind have been commercialised on a small scale. These fruits are used to produce juices, 
jams, and other drinks (Aworth, 2015). Global harmonisation of food safety regulations has 
improved compliance with food safety requirements over the years (Hou et al., 2015).  
2.2 THE CONSUMPTION OF FRUITS AND VEGETABLES  
Fruit and vegetable consumption has been on the increase worldwide, both in children and 
adults. When portions of vegetables are increased in the children’s lunch packs, quantities 
consumed also increase (Miller et al., 2015). Eco-labelling has also resulted in consumers 
preferring such products as they are more informative (Sillani et al., 2015). In South African 
markets, healthy foods are costly, and this reduces their consumption. A study carried out in the 
Western Cape indicated that in rural areas the markets that sell these foods are mostly unknown 
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to most people who are relatively poor when compared to urban dwellers (Temple et al., 2011). 
Wild South African vegetables are a good source of nutrients. However, these are only 
commonly available and consumed in approximately five out of the nine provinces. Some 
individuals still feel that these vegetables are only for the poor or low-class individuals and this 
reduces their popularity and consumption (Bvenura et al., 2015)   
2.3 PROCESSED FRUIT AND VEGETABLE PRODUCTS  
Raw fruit and juices are prepared by crushing or squeezing fresh fruits, and in some cases 
without being pasteurised during processing (Simforian et al., 2015). Vegetable salads are a 
vehicle of antibiotic resistant pathogens which pose a risk of foodborne illnesses to consumers 
(Campos et al., 2013). In both formal and informal markets in South Africa, common fruit and 
vegetable products include beverages such as fruit juices and rooibos tea respectively (Van Wvk, 
2011), fruit salads, cooked broccoli, carrots, green leafy vegetables such as spinach, and more 
traditional vegetables such as cowpeas, pumpkin leaves, and spider plant (Kruger et al., 2015).  
During processing of Portuguese ready-to-eat salads, lack of proper hygiene and disinfection 
resulted in transmission of pathogenic bacteria such as Salmonella, Listeria monocytogenes as 
well as antibiotic-resistant Enterobacteriaceae such as Raoultella terrigena and Citrobacter 
freundii (Campos et al, 2013). The contamination of salads may result in the transmission of 
bacteria and their characteristics to consumers (Campos et al., 2013). Listeria monocytogenes 
was also isolated from patients from different states in Switzerland who had consumed ready-to-
eat salads produced by a salad-producing company in the country. The presence of this microbial 
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contaminant was as a result of improper hygiene practices at one of their production lines 
(Stephan et al., 2015). 
2.4 MICROBIOLOGICAL SPOILAGE OF PROCESSED FRUIT AND VEGETABLE 
PRODUCTS  
Dried onion products and garlic powder contain lactic acid bacteria, which cause spoilage of 
these vegetables. The Weissella bacteria species have been found to be the most prevalent 
pathogens in these products (Sade et al., 2015). Aneja et al. (2014) found Aspergillus flavus, 
Candida spp., Cladosporium spp., Acetobacter spp., and E. coli in freshly prepared citrus and 
carrot juices. 
In a study designed to determine the incidence and impact of microbial contamination on the 
spoilage of fruit and vegetable juices in USA, the manufacturers reported several cases of 
microbial spoilage of juices resulting from the presence of Alicyclobacillus spp. and mold. They 
indicated that there is an urgent need for the implementation of proper sanitation and production 
quality control processes to reduce such cases (Snyder and Worobo, 2018). 
Bacterial species such as Salmonella and E. coli are the most common pathogens transmitted 
through fruit and vegetable products (Amrutha et al, 2017). Heat treatment during processing can 
eliminate these bacteria but some Clostridium spp. and Bacillus spp. are resistant to heat, 
indicating that other processing techniques may be required to eliminate these pathogens. When 
high hydrostatic pressure is used during processing, its effectiveness to eliminate E. coli and 
Salmonella is reduced by the matrix in the fruits and vegetables (Nguyen-the, 2012). 
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2.5 CONTAMINATION OF FRUITS AND VEGETABLES 
2.5.1 Pre-harvest contamination 
During production, fruits and vegetables may be contaminated through use of untreated water for 
irrigation, as well as the use of organic fertilisers such as manure. Waste municipality water 
contains a high microbial count which, if not properly treated, may transmit the pathogens to the 
plants and the soil (Vivaldi et al., 2013).  
A study to compare the prevalence of pathogens in plants watered using differently treated waste 
water used for irrigation of nectarine plants over a period of two years, showed that water from 
secondary treatment processes had a higher microbial count, resulting in a high prevalence of 
pathogens in nectarine fruits (Vivaldi et al., 2013). Water treatment processes may not eliminate 
all the pathogens therefore, water quality is of utmost importance in the prevention of 
contamination of fruits and vegetables. Irrigation water is also a vehicle for transmission of E. 
coli O157:H7 during the production of vegetables such as lettuce. Even if irrigation is stopped 
three days prior to harvest, it does not eliminate the pathogens (Alam et al., 2015). E. coli from 
the irrigation water has also been detected in the soil in which the water is used (Oliveria et al., 
2012) and have been found to survive in the leaves of baby lettuce plants at the time of harvest 
and commercialisation (Chitarra et al., 2014). In developing countries, wastewater is used to 
ensure the availability of vegetables. However, there is a higher risk of contamination and 
chances of foodborne disease outbreaks (Barker et al., 2012). 
The contamination of vegetables may occur through the use of organic fertilisers. Some organic 
fertilisers, such as animal manure, may contain fecal pathogens such as Listeria monocytogenes, 
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E. coli, Salmonella spp., and Campylobacter. These pathogens are then transmitted to plants 
during production. A study conducted on the microbial analysis of organic and conventional 
vegetables such as lettuce, chicory, collard greens, and arugula, during which samples were 
analysed for mesophilic anaerobic bacteria, yeast and molds, total coliforms, E. coli, and 
Salmonella spp. showed that the organically grown vegetables had higher microbial counts than 
the conventional vegetables (Maffei et al., 2013). The use of contaminated compost during the 
production phase increases the prevalence of pathogens in plants such as, especially lettuce 
(Oliveria et al., 2012). 
2.5.2 Post-harvest contamination  
Post-harvest contamination occurs during handling, storage, and processing of fruits, vegetables, 
and related products. During, for example, salad production the fresh fruits and vegetables are 
washed beforehand. If contaminated water is used during this process, cross contamination may 
occur. For example, a study to determine the cross-contamination of E. coli O157:H7 between 
lettuce and wash water, showed that the leafy green vegetables can be contaminated by 
contaminated water used for washing. When this water was re-used to wash fresh leaves, cross-
contamination occurred (Jensen et al., 2015).  
During cutting and shredding of leafy green vegetables cross contamination may occur from the 
usage of contaminated utensils. Usually no sanitisers are used on knives and other shredding 
equipment during processing. The contaminated knives then transmit pathogens such as E. coli 
and Listeria monocytogenes to the fresh leaves (Zilelidou et al., 2015). Salads are minimally 
processed and therefore, the pathogens can survive and may be transmitted to consumers. Graters 
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and knives may also become contaminated with E. coli and Salmonella when used to cut 
contaminated tomatoes and carrots (Erickson et al., 2015). During canning, the microbial spores 
accumulate in blanchers and conveyors, thereby causing a risk of contamination of canned fruits 
and vegetables with heat-resistant spores (Durand et al., 2015). 
Food handlers may transmit pathogens to food due to poor hygiene. Proper handwashing, 
brushing, sanitization, and the use of gloves are always a requirement, and all the utensils and 
hard surfaces need to be sanitised frequently. Todd (2014) stressed the importance of thoroughly 
cleaning all parts of the hands that could harbour fecal pathogens, during handwashing practices. 
In some cases, vendors do not have access to running water and as such never wash their hands 
after handling money or using the toilet. This results in the transmission of pathogens to the 
fruits, vegetables, or other prepared food which they sell. 
2.6 SURVIVAL OF PATHOGENS IN FRUITS AND VEGETABLES  
Post-harvest contamination: Pathogens inhabit the surfaces of fruits and vegetables, and some 
pathogens such as Salmonella enterica attaches more readily to lettuce than cabbage (Patel et al, 
2010). Pathogens which bind on the surfaces of fruits and vegetables can gain entry into the 
tissue of these plants when the protective epidermal layer is damaged. These pathogens survive 
on the juices that ooze from the damaged plant tissue (Pilizota 2014; Olaimat et al, 2012). 
Furthermore, the skin vegetables can be damaged during production or harvest, creating 
favourable conditions for the infestation of bacteria and their spores (Elhariry, 2011). 
Internalisation: When fruits and vegetables are washed with contaminated water the pathogens 
may eventually penetrate the inner tissue and proliferate. For example, in a study carried out to 
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investigate the internalisation of Salmonella in tomatoes, the inoculum was placed at the stem 
scar and bacteria proceeded to migrate to the inner tissue and proliferate (Bartz et al., 2015). 
When this happens, bacteria remain in the fruit, even when the tomatoes are washed or sanitised 
during processing. This may result in infection of the consumers. Salmonella internalisation has 
also been observed in lettuce due to extreme weather stress (Ge et al., 2014).  
2.7 SURFACE DISINFECTION OF FRUITS AND VEGETABLES  
Measures to control or reduce contamination of fresh fruits and vegetables have been applied in 
various cases. Many bio-control agents have been isolated and tested for use in eliminating 
pathogens on fruits and vegetables without much alteration of their quality (Siroli et al., 2015). 
Washing with chlorine water has been found to be more effective and less costly in reducing 
microbial counts on fruits and vegetables (Ramos et al., 2013). In some cases, ozone-based 
washing is also applied and has proven to be effective (Sillani et al, 2015). Extracts from grape 
stems have microbial disinfectant properties and can be used to disinfect raw vegetables 
(Vazquez-Armenta et al, 2017). The utilisation of food irradiation technology during processing 
has been shown to improve the shelf-life of vegetables when stored at temperatures higher than 
10℃, which could reduce the costs and necessity for cold storage (Banerjee et al, 2016). 
Bacterial sensitivity to disinfectant treatment varies between different pathogens (Scarlett et al, 
2016). Vegetable contamination of cut vegetables during washing can also be reduced by 
repetitive electrolysis of washing water. 
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2.8 ENTERIC BACTERIA FOUND IN VEGETABLES 
Irrigated fresh vegetables are a potential transmitter of pathogens from the production field to the 
consumers. In a study investigating the presence of pathogenic bacteria in irrigation water and 
vegetables, the results indicated that the prevalence of pathogens in irrigated vegetables 
increased because of poor quality irrigation water used (Akinde et al., 2016). From this study 
pathogens isolated from vegetables and irrigated water respectively, were similar and these 
included different species of Citrobacter, E. coli, Enterobacter, Klebsiella, and Pseudomonas. 
Organisms that belong to the Enterobacteriaceae family were isolated from lettuce in Southwest 
Nigeria. The isolated enterobacteria antibiotic resistance properties, which could be transferred 
to other organisms including humans was tested and the results showed all the isolates were 
resistant to cloxaxillin, erythromycin and other antibiotics (Igbeneghu and Abdu, 2014). In a 
study to determine the prevalence of ESBL-producing Enterobacteriaceae in raw vegetables in 
Amsterdam, Netherlands, the results showed that enterobacteria could be the source of antibiotic 
resistance genes found in humans (Reuland et al, 2014). Enterobacteriaceae isolated from 
vegetables from 18 cities in China were contaminated with carbapenem-resistant 
Enterobacteriaceae, which could be a serious food safety issue (Lui et al, 2018). If not 
purposefully managed, this could become a global food crisis. 
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CHAPTER 3:  
RESEARCH METHODOLOGY 
3.1 BRIEF DESCRIPTION OF THE STUDY AREA 
This study focuses on the Johannesburg Metropolis with special attention on Hillbrow, Yeoville, 
Johannesburg CBD, Soweto, and Roodepoort (Figure 3.1). The research areas were selected 
since there have been a significant increase in the number of vendors selling different types of 
fruits and vegetables at the informal markets in these areas. The vendors in Hillbrow, 
Johannesburg Central Business District (CBD), and Roodepoort areas have their informal 
vending stalls by the roadside with no toilets or running water nearby, while the Soweto and 
Yeoville vendors have stalls in open, informal markets. It has been observed that various 
vegetables are regularly dipped in the same water bucket to keep them moist.  
 
Figure 3.1: Map of the Johannesburg Metropolis 
(Adapted from https://municipalities.co.za/map/2/city-of-johannesburg-metropolitan-
municipality) 
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3.2 RESEARCH DESIGN   
A cross-sectional research design was used to randomly collect different types of vegetable 
samples from different regions within the Johannesburg Metropolis. The reason for choosing this 
design is that it is affordable, sampling is not spread over a long period of time, and it allows for 
the study of multiple vegetables from different regions at the same time (Arnett et al, 2017). A 
quantitative study was conducted in which microbiological analyses were conducted for data 
collection.  
3.3 SAMPLE COLLECTION  
A total of 201 vegetable samples, consisting of broccoli (9), cabbage (36), cauliflower (9), 
chomolia (34), giant English rape (29), lettuce (33), Indian kale (14), and spinach (37) were 
purchased randomly from different vendors at informal markets in Hillbrow, Yeoville, 
Johannesburg CBD, Soweto, and Roodepoort in the Johannesburg Metropolis. The samples were 
transported in sterile plastic bags to the laboratory for analyses. Sample collection from the same 
locations was repeated four times on different days. The collection and analyses of samples 
carried out from July 2016 to December 2018. 
3.4 SAMPLE PREPARATION FOR MICROBIAL ANALYSES 
Between 50-80g of each vegetable sample was aseptically weighed and mixed with 200ml sterile 
buffered peptone water (Biolab, South Africa), and then homogenised in a sterilised Waring 
laboratory blender for 4-8 minutes. Thereafter, ten-fold serial dilutions, up to 10-5 folds of the 
homogenate were prepared for each sample and used for bacterial analysis.  
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3.5 AEROBIC COLONY COUNTS 
Total aerobic counts (TACs) were done on Plate Count Agar (PCA) plates (Merck, South Africa) 
using the manufacturer’s protocol. Ten-fold serial dilutions of each sample, up to 10-5 were 
plated in duplicate and incubated at 37℃ for 24 hours. Plates showing 30-300 colony forming 
units (cfu) were counted. 
3.6 ENTEROBACTERIACEA COUNTS 
Enterobacteriaceae counts were conducted using violet red bile glucose agar (Merck, South 
Africa) using the manufacturer’s protocol. Ten-fold serial dilutions of each sample up to 10-5 
were plated in duplicates and incubated at 37 ℃ for 24 hours. Round, purple-pink, 1-2 mm 
diameter colonies surrounded by purple haloes were counted.  
3.7 EXTRACTION OF BACTERIA DNA 
Prior to DNA extraction, a pure culture of each bacteria isolate was prepared by streaking 
individual colonies of each bacteria isolate PCA agar plate and incubated for 24 hours at 37℃. 
The carpet of bacteria growth was scraped using a sterile loop and used for DNA extraction. 
Genomic DNA was extracted from each bacterial culture using the Sigma-Aldrich GenElute 
Bacterial Genomic DNA Kit (Merck, South Africa). Extraction was done following the 
maufacturer’s protocol. The DNA was quantified using the BioDrop Duo (7444V2.0.2), 
following the manufacturer’s protocol.  
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3.8 AMPLIFICATION OF THE 16S rRNA GENE OF BACTERIA ISOLATES 
The amplification of the 16S rRNA gene was done using the universal primers 27F (5’-TCC 
GTA GGT GAA CCT GCG G-3’) and 1492R (5’-TCC TCC GCT TAT TGA TAT GC-3’) that 
cause hybridisations at the end and beginning of 18S and 28S rDNA respectively (Lane et al., 
2001). The primers used were synthesised by Inqaba Biotechnology Company (South Africa).   
PCR amplification was done in a 25 µl reaction volume, which contained 2 microlitre (µl) 
template DNA, 0.25 µl forward primer, 0.25µl reverse primer, 0.25µl BSA, 9.75 µl nuclease free 
water, and 12.5 µl 2x PCR Master Mix (50 units/ml of Taq DNA polymerase in a buffer, pH 
8.5), 400µM dATP, 400µM dGTP, 400µM dCTP, 400µM dTTP, 3mM MgCl2) (Promega, 
Madison, USA). Amplification was carried out in a thermocycler (BIO RAD T100) under the 
following PCR cycler conditions: initial denaturation at 94oC for five minutes, six cycles of 
denaturation at 94oC for one minute, annealing at 55oC for one minute, extension at 72 oC for one 
minute, the denaturation, annealing and extension steps were repeated for another 32 cycles and 
the final enlongation at 72 oC for 10 minutes. 
For gel electrophoresis the wide Mini-sub R cell GT was used (Bio- Rad Laboratories CA, 
USA). A 1% agarose (Sigma) gel was prepared with two drops of ethidium bromide used for 
staining. Of the individual PCR products 5-10 µl was used, together with 3 µl loading buffer was 
pipetted in each agarose gel and well submerged in 0.5 x TAE buffer (Sigma), and the gel was 
run at 120 V for 35 minutes. GelDoc-It TM 310 Imaging system (California, USA) was used to 
visualise the DNA strands. Distinctive bands was observed which corresponded with the 
molecular ladder used. 
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For samples with very faint bands, the PCR was repeated using the PCR products of the sample 
as template DNA for the reaction. This produced very visible bands when the gel was visualised 
under UV light. 
3.9 IDENTIFICATION OF ENTERIC BACTERIAL ISOLATES BY SEQUENCING  
The PCR amplicons products were sent to Inqaba Biotechnology Company (South Africa) for 
sequencing. The resulting sequences were aligned using Chromas (version 2.6.5) and manually 
edited to remove the poor quality value bases and correct errors on peak labelling based on 
colours of the chromatogram. Only peaks with quality values of 30 or more were accepted. The 
edited sequences obtained and a Basic Local Alignment Search Tool (BLAST) search was 
conducted to compare the obtained sequences with the nucleotide sequences in the National 
Center for Biotechnology Information (NCBI) database. Species identification was considered at 
sequence similarity ≥ 99% ( Lange et al, 2015). 
3.10 DATA ANALYSIS 
Statistical analysis was performed using Microsoft Excel. The aerobic counts were expressed as 
mean ± standard deviation. The Analysis of Variance (ANOVA) was used to determine the 
significant difference of the mean aerobic count of vegetables at p ≤ 0.05. The percentage 
distribution of Enterobacteriaceae and percentage distribution of four of the most dominant 
Enterobacteriaceae in all the eight vegetable types, in the five regions of the Johannesburg 
Metropolis were calculated and expressed in the form of bar graphs and pie charts using 
Microsoft Excel. 
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3.11 ETHICAL CONSIDERATION 
The Johannesburg Metropolis provided permission to conduct this food safety study and ethics 
clearance was granted by the ethics committee of the College of Agriculture and Environmental 
Sciences, University of South Africa.  
3.12 LIMITATION OF THE RESEARCH 
The limitation of this study was that there were delays in sample collection and analysis in 2016 
due to lack of adequate funding. In 2017 and 2018 when funding from the university was 
available, the laboratory work could only be conducted in the evenings and weekends and was at 
times delayed due to work related travelling out of Johannesburg, which lead to the delay in 
completion of this research. 
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CHAPTER 4:  
RESULTS 
4.1 AEROBIC GROWTH COUNTS OF VEGETABLES IN DIFFERENT REGIONS IN 
THE JOHANNESBURG METROPOLIS 
The results show that the mean aerobic growth count (Figure 4.1) of vegetables sold in the 
Johannesburg CBD and Hillbrow regions are significantly (p ≤ 0.05) different from those sold in 
Yeoville and Soweto. The vegetables from Roodepoort is not significantly different from those 
in the other regions (Table 4.1). Alternatively, the aerobic colony count of different leafy 
vegetable types sold the Johannesburg Metropolis were not significantly (p>0.05) different 
(Table 4.2). 
 
 
Figure 4. 1: Aerobic growth of a cabbage sample at a dilution of 10-5 on Plate Count Agar. 
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Table 4.1: Aerobic colony count of different leafy vegetables types sold in different regions 
of the Johannesburg Metropolis 
Regions Minimum Maximum Mean Log CFU/g ±Std. Deviation 
JHB CBD (n = 51) 6.13 9.17 7.70a (± 0.710) 
Hillbrow (n = 28) 5.92 8.75 7.66a (± 0.759) 
Roodepoort (n = 47) 7.17 8.89 7.94ab (± 0.420) 
Yeoville (n = 50) 7.04 11.15 8.23b (± 0.616) 
Soweto (n = 25) 7.68 9.20 8.37b (± 0.347) 
NB: Mean values with similar letters a or b, are not significantly (p > 0.05) different 
otherwise, they are significantly (p ≤ 0.05) different. 
 
Table 4.2: Aerobic colony count of different leafy vegetable types sold in the Johannesburg 
Metropolis 
Vegetable types Minimum Maximum Mean Log CFU/g (±Std.Deviation) 
Cabbage (n = 36) 5.92 9.09 8.06a (± 0.707) 
Lettuce (n = 33) 6.32 11.15 8.19a (± 0.956) 
Cauliflower (n = 9) 7.09 9.17 8.06a (± 0.621) 
Broccoli (n = 9) 7.04 8.38 7.64a (± 0.525) 
Spinach (n = 37) 6.17 8.89 7.94a (± 0.610) 
Indian Kale (n = 14) 6.94 8.60 7.72a (± 0.526) 
Chomolia (n = 34) 6.50 8.51 7.87a (± 0.463) 
Giant English Rape 
(n = 29) 
6.86 8.71 7.84a (± 0.532) 
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NB: Mean values with similar letters a or b, are not significantly (p > 0.05) different 
otherwise, they are significantly (p ≤ 0.05) different. 
 
4.2 ENTEROBACTERIACEA QUALITY OF VEGETABLES IN THE 
JOHANNESBURG METROPOLIS 
The Enterobacteriaceae counts (Figure 4.2) of vegetables form each of the five regions in the 
Johannesburg Metropolis were not significantly (p > 0.05) different (Table 4.3). Similarly, the 
Enterobacteriaceae count of all eight types of leafy vegetables from the Johannesburg Metropolis 
were not significantly (p > 0.05) different (Table 4.4). 
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Figure 4. 2: Enterobacteriaceae growth of a chomolia vegetable sample at a ten-fold serial 
dilution of 10-5 on VRBD agar. 
 
Table 4.3: Enterobacteriaceae count of vegetables sold in different regions of the 
Johannesburg Metropolis 
Region Minimum Maximum Mean Log CFU/g± Std. Deviation 
JHB CBD(n = 51) 3.86 7.61 5.22a (± 0.654) 
Hillbrow (n = 28) 4.35 6.34 5.27a (± 0.587) 
Roodepoort (n = 47) 3.76 6.82 5.25a (± 0.636) 
Yeoville (n = 50) 3.98 8.60 5.24a (± 0.835) 
Soweto (n = 25) 4.10 5.99 5.46a (± 0.4410 
NB: Mean values with similar letters a or b, are not significantly (p > 0.05) different 
otherwise, they are significantly (p ≤ 0.05) different. 
 
Table 4.4: Enterobacteriaceae count of different vegetable types sold in the Johannesburg 
Metropolis 
Vegetable types Minimum Maximum 
Mean Log EPC count 
±Std. Deviation 
Cabbage (n = 36) 4.21 7.79 5.45a (± 0.693) 
Lettuce (n = 33) 4.38 7.61 5.42a (± 0.623) 
Cauliflower (n = 9) 4.26 5.99 5.17a (± 0.514) 
Broccoli (n = 9) 4.22 6.04 5.08a (± 0.571) 
Spinach (n = 37) 4.08 6.27 5.08a (± 0.523) 
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IndianKale (n = 14) 3.86 6.17 5.35a (± 0.615) 
Chomolia (n = 34) 4.37 6.82 5.28a (± 0.601) 
GiantEngRape 
(n = 29) 
3.76 6.55 5.05a (± 0.647) 
NB: Mean values with similar letters a or b, are not significantly (p > 0.05) 
different otherwise, they are significantly (p ≤ 0.05) different. 
EPC= Enterobacteriaceae plate count 
 
4.3 IDENTIFICATION OF ENTEROBACTERIACEAE BACTERIAL ISOLATES 
Purified DNA of size 780kb (Figure 4.3) were sequenced and BLAST search on the NCBI 
database was conducted to obtain the identities of the isolates. The sequencing and blasting 
results indicated a wide range of different enteric bacteria identified from the different types of 
vegetables (Table 4.5). 
 
 1   2   3    4    5    6    7    8    9 10   11   12 13  14  15  16  17  
18 19 20 
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Figure 4. 3: The electromicrograph the DNA of Enterobacteriaceae isolated from 
vegetables sold at the informal markets in the Johannesburg Metropolis visualised under 
UV light using the GelDoc-It TM 310 Imaging system 
Column 1 = 1 kb molecular ladder (Sigma), 2 = Serratia liquefaciens strain RHMR 21, 3 = Serratia liquefaciens 
strain FC6859, 4 = Serratia liquefaciens ATCC 27592, 5 = Serratia liquefaciens strain RHMR 21, 6 = Serratia 
liquefaciens strain LZ-24, 7 = Serratia liquefaciens strain AL117, 8 = Serratia liquefaciens strain LZ-24, 9 = 
Serratia liquefaciens strain AL117, 10 = Serratia liquefaciens strain AK-25, 11 = Lelliottia amnigena, 12 = Serratia 
liquefaciens strain FC6859, 13 = Serratia liquefaciens strain RHMR 21, 14 = Serratia liquefaciens strain RHMR 21, 
15 = Serratia liquefaciens strain AL117, 16 = Serratia liquefaciens strain AL11, 17 = Morganella morganii strain 
CU-BS1 
 
Table 4.5: The sequencing and blasting results of different vegetable types sold at various 
markets in Johannesburg Metropolis 
Sample number Isolate Identity (Similarity index) Accession 
number 
2b Rahnella aquatilis strain PRE12  MG966290 
3a Pseudomonas rhodesiae strain 67B5 MG269719 
5a Enterobacter kobei strain CAU1106 MF428777 
6a Aeromonas salmonicida subsp. pectinolytica 34me CP022426 
6b Rahnella sp. strain AL187 MG819528 
7b Rahnella variigena strain B7 MF083084 
8a Serratia fonticola strain GS2 CP013913 
9a Aeromonas sp. strain L23  MH381782 
9b Aeromonas sp. AKB-2008-HE79 AM989244 
12a Serratia liquefaciens ATCC 27592  CP006253 
14a Hafnia sp. CBA7124 AP017469 
15a Serratia fonticola strain FDAARGOS_411 CP023956 
16b Aeromonas hydrophila subsp. hydrophila AB680357 
18a Shewanella putrefaciens strain PF 15  KY614355 
18b Hafnia alvei strain CBA7135 CP021971 
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19a Hafnia alvei strain CBA7135 CP021971 
20a Rahnella aquatilis strain PRE12  MG966290 
21a Aeromonas sp. strain L23 MH381782 
22a Hafnia alvei strain 14  KY849243 
26b Pseudomonas rhodesiae strain 67B5 MG269719 
28a Hafnia alvei strain FC2951  MH532496 
29a Aeromonas salmonicida subsp. achromogenes strain HLD01 MH478113 
30a Serratia fonticola strain FDAARGOS_411  CP023956 
31a Serratia liquefaciens strain TPD7002 MH190215 
31b Serratia fonticola strain FDAARGOS_411  CP023956 
33a Serratia sp. strain 11M5 KY611630 
34a Hafnia paralvei strain FDAARGOS_158  CP014031 
35a Hafnia paralvei strain FDAARGOS_158 CP014031 
36a Serratia fonticola strain FDAARGOS_411 CP023956 
36b Aeromonas salmonicida subsp. salmonicida  AM296501 
37b Serratia fonticola strain FDAARGOS_411 CP023956 
38a Hafnia paralvei strain FDAARGOS_158  CP014031 
38b Hafnia paralvei strain FDAARGOS_158 CP014031 
39a Aeromonas salmonicida subsp. salmonicida AM296501 
40a Aeromonas sobria JCM 2366  MH381782 
41a Rahnella aquatilis strain PRE12 MG966290 
42a Serratia fonticola strain FDAARGOS_411  CP023956 
43a Hafnia sp. strain 35PMBRU KY643489 
44a Hafnia paralvei strain FDAARGOS_158  CP014031 
45a Hafnia alvei strain FC2951 MH532496 
47a Aeromonas hydrophila subsp. hydrophila  AB680357 
48a Aeromonas sp. strain L23  MH381782 
50a Serratia liquefaciens strain FC6859  MH497592 
53a Serratia fonticola strain FDAARGOS_411 CP023956 
54a Serratia fonticola strain FDAARGOS_411  CP023956 
55a Aeromonas salmonicida subsp. achromogenes strain HLD01 MH478113 
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56b Klebsiella oxytoca strain PF 104  KY614352 
57a Uncultured bacterium clone Shelves_A_100 MF092425 
61a Pseudomonas sp. UYFA249  KP704434 
62a Hafnia alvei strain CBA7135  CP021971 
63a Hafnia alvei strain 14  KY849243 
65a Serratia fonticola strain FDAARGOS_411 CP023956 
65b Serratia liquefaciens strain AL117  MG819252 
66a Serratia liquefaciens strain AK-25  KY863496 
67a Pseudomonas putida strain S975 KX817236 
68a Pseudomonas sp. J1.2E4 KF317746 
70a Hafnia alvei strain FC2951  MH532496 
70b Serratia liquefaciens strain AL117  MG819252 
71a Hafnia alvei strain FC2951 MH532496 
71b Serratia liquefaciens strain LZ-24 KU950364 
72a Pseudomonas protegens strain TPD3011 MH221127 
72b Serratia sp. HX-B01 KF501474 
73a Pseudomonas protegens strain TPD3011 MH221127 
73b Serratia liquefaciens strain FDAARGOS_125  CP014017 
74a Lelliottia amnigena partial CP028520 
74b Pseudomonas protegens strain TPD3011  MH221127 
75a Hafnia alvei strain FC2951 MH532496 
75b Serratia plymuthica strain BSW-12  KX901796 
76a Raoultella ornithinolytica strain FDAARGOS_431 CP023888 
77a Serratia liquefaciens strain AL117  MG819252 
78a Hafnia alvei strain FC2951 MH532496 
78b Hafnia sp. CBA7124  AP017469 
79a Serratia liquefaciens strain AL117  MG819252 
80a Hafnia alvei strain CBA7135  CP021971 
81a Kluyvera cryocrescens  LC060917 
81b Serratia liquefaciens strain RHMR 21 MF662820 
82a Aeromonas salmonicida subsp. achromogenes strain HLD01 MH478113 
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82b Morganella morganii subsp. sibonii strain 3522-75 HM122053 
83a Hafnia alvei strain CBA7135 CP021971 
84a Serratia liquefaciens strain FC6859  MH497592 
84b Erwinia persicina strain P MH362699 
85a Morganella morganii subsp. sibonii strain 3522-75 HM122053 
86a Aeromonas sp. AKB-2008-HE79 AM989244 
86b Serratia liquefaciens ATCC 27592 CP006253 
88a Serratia liquefaciens strain RHMR 21 MF662820 
89a Serratia liquefaciens strain LZ-24 KU950364 
89b Serratia fonticola strain FDAARGOS_411 CP023956 
90a Serratia fonticola strain FDAARGOS_411  CP023956 
91a Hafnia alvei strain CBA7135 CP021971 
92a Hafnia alvei strain CBA7135 CP021971 
94a Serratia liquefaciens strain AL117 MG819252 
94b Hafnia sp. CBA7124 AP017469 
95a Morganella morganii subsp. sibonii strain 3522-75 HM122053 
96a Morganella morganii subsp. sibonii strain 3522-75 HM122053 
96b Serratia sp. HX-B01 KF501474 
97a Buttiauxella izardii strain PgBe218 MH211307 
98a Hafnia alvei strain FC2951  MH532496 
98b Aeromonas sobria JCM 2366 LC383907 
99a Aeromonas sp. strain L23  MH381782 
100a Aeromonas salmonicida subsp. achromogenes strain HLD01 MH478113 
101a Hafnia alvei strain CBA7135  CP021971 
103a Hafnia alvei strain CBA7135 CP021971 
104a Serratia liquefaciens strain LZ-24  KU950364 
104b Aeromonas salmonicida subsp. achromogenes strain HLD01 MH478113 
105a Aeromonas salmonicida subsp. achromogenes strain HLD01 MH478113 
106a Aeromonas salmonicida subsp. achromogenes strain HLD01  MH478113 
106b Serratia fonticola strain FDAARGOS_411 CP023956 
107a Aeromonas salmonicida subsp. achromogenes strain HLD01  MH478113 
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107b Serratia liquefaciens strain FDAARGOS_125 CP014017 
108a Serratia liquefaciens strain B7 KJ781948 
108b Serratia liquefaciens strain FC6859 MH497592 
109a Obesumbacterium proteus strain AC10 MG649998 
110a Hafnia alvei strain FC2951 MH532496 
110b Pseudomonas protegens strain TPD3011 MH221127 
111b Serratia liquefaciens strain AL117  MG819252 
112a Citrobacter braakii strain HQ288930.1 MH346234 
113a Hafnia alvei strain CBA7135 CP021971 
113b Serratia plymuthica strain WCF42  KF595075 
114a Serratia liquefaciens strain AK-25  KY863496 
115a Pseudomonas protegens strain TPD3011 MH221127 
115b Lelliottia amnigena CP028520 
116a Hafnia alvei strain FC2951 MH532496 
117a Serratia liquefaciens strain FC6859  MH497592 
118a Serratia fonticola strain FDAARGOS_411 CP023956. 
118b Serratia liquefaciens strain LZ-24 KU950364 
119a Raoultella ornithinolytica strain FDAARGOS_431 CP023888 
119b Serratia liquefaciens strain RHMR 21 MF662820 
120a Serratia fonticola strain FDAARGOS_411 CP023956 
121a Serratia sp. DT-1  JQ954965 
122b Aeromonas sp. strain L23  MH381782 
124a Aeromonas sp. strain L23 MH381782 
125a Serratia liquefaciens strain RHMR 21 MF662820 
126a Serratia sp. UIWRF1049 KR189040 
127a Pseudomonas protegens strain TPD3011  MH221127 
127b Hafnia alvei strain FC2951 MH532496 
128a Hafnia alvei strain CBA7135  CP021971 
129a Serratia fonticola strain FDAARGOS_411 CP023956 
129b Serratia liquefaciens ATCC 27592  CP006252 
130a Hafnia paralvei strain FDAARGOS_158 CP014031 
31 
 
131a Serratia liquefaciens strain AL117  MG819252 
131b Serratia liquefaciens strain Noth_8  MF716555 
132a Hafnia sp. CBA7124 AP017469 
133a Serratia liquefaciens strain AL117  MG819252 
134a Hafnia alvei strain FC2951 MH532496 
135a Citrobacter freundii strain MRB0903 GU126681 
136a Aeromonas salmonicida subsp. achromogenes strain HLD01 MH478113 
136b Rahnella aquatilis strain PRE12 MG966290 
137a Hafnia alvei strain CBA7135 CP021971 
137b Microvirgula aerodenitrificans strain BE2.4 CP028519 
138a Pseudomonas sp. AKB-2008-HE71  AM989287 
138b Serratia liquefaciens strain FC6859 MH497592 
139b Aeromonas sobria JCM 2366 LC383907 
140a Serratia liquefaciens strain AL117  MG819252 
140b Serratia fonticola strain FDAARGOS_411 CP023956 
141a Serratia sp. HX-B01 KF501474 
142a Hafnia alvei strain 14 KY849243 
142b Serratia fonticola strain FDAARGOS_411  CP023956 
143a Serratia fonticola strain FDAARGOS_411 CP023956 
143b Serratia fonticola strain FDAARGOS_411  CP023956 
144a Microvirgula aerodenitrificans strain BE2.4 CP028519 
144b Hafnia alvei strain CBA7135  CP021971 
145a Aeromonas salmonicida strain A527  CP022550 
145b Serratia liquefaciens strain B7 KJ781948 
146a Serratia liquefaciens strain RHMR 21  MF662820 
147a Serratia liquefaciens strain FC6859 MH497592 
147b Aeromonas salmonicida subsp. achromogenes strain HLD01 MH478113 
148a Raoultella ornithinolytica strain YSH-3  MH185873 
149a Aeromonas salmonicida subsp. achromogenes strain HLD01 MH478113 
150a Serratia liquefaciens strain FC6859  MH497592 
151a Serratia liquefaciens strain FC6859 MH497592 
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152a Hafnia alvei strain FC2951  MH532496 
153a Serratia liquefaciens strain HUMV-21 CP011303 
154a Enterobacter amnigenus strain S_T_MRS_17 JX860617 
155a Aeromonas sobria JCM 2366 LC383907 
156a Hafnia alvei strain FC2951  MH532496 
157a Aeromonas sp. strain L23 MH381782 
158a Hafnia alvei strain FC2951 MH532496 
159a Raoultella ornithinolytica strain FDAARGOS 431 CP023888 
160a Raoultella terrigena strain PG201007011702 JN815233 
161a Hafnia sp. CBA7124 AP017469 
162a Hafnia alvei strain FC2951 MH532496 
164a Shewanella seohaensis strain NR_108852. MH071535 
165a Hafnia alvei strain FC2951 MH532496 
166a Hafnia alvei strain FC2951  MH532496 
167a Morganella morganii strain CU-BS1 MF164158 
168a Aeromonas sp. RA11 FJ898302 
168b Enterobacter sp. UIWRF0484 KR189673 
169a Serratia liquefaciens strain AK-25  KY863496 
170a Morganella sp. ESBL68B6_12EESBL KJ831422 
171a Lelliottia nimipressuralis strain BB2.2 MH681482 
171b Serratia liquefaciens strain Sneb2480  MG132665 
173a Serratia liquefaciens strain FC6859 MH497592 
173b Citrobacter freundii complex sp. CFNIH3  CP026235 
174a Microvirgula aerodenitrificans strain WB22 MH196456 
175a Aeromonas sp. strain L23  MH381782 
176a Serratia liquefaciens strain FC6859 MH497592 
177a Hafnia alvei strain FC2951  MH532496 
178a Stenotrophomonas maltophilia strain RS17 MF536870 
179a Serratia sp. DT-1 JQ954965 
180a Raoultella planticola strain FDAARGOS_64 CP026047 
182a Raoultella planticola strain FDAARGOS_64 CP026047 
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183a Proteus sp. strain ATCC 51469 MG269476 
185a Aeromonas encheleia strain CECT4342 NR_118042 
186a Hafnia alvei strain CBA7135 CP021971 
186b Hafnia sp. CBA7124 AP017469 
188a Serratia liquefaciens strain AL117  MG819252 
189a Serratia liquefaciens strain FDAARGOS 125  CP014017 
190a Serratia liquefaciens strain FC6859 MH497592 
191a Serratia liquefaciens strain FC6859  MH497592 
192a Buttiauxella izardii strain PgBe218 MH211307 
192b Serratia liquefaciens strain FC6859  MH497592 
193a Erwinia amylovora strain P3 MF777033 
194a Citrobacter braakii strain FC2965  MH532470 
195a Serratia liquefaciens strain FC6859 MH497592 
196a Aeromonas veronii strain CYJ205  FJ940849 
197a Citrobacter braakii strain FC2965  MH532470 
199a Serratia sp. strain 4M4  KY611735 
200a Serratia fonticola strain FDAARGOS_411 CP023956 
 
4.4 DOMINANT ENTEROBACTERICEAE SPECIES IN VEGETABLES 
Serratia species were the most dominant Enterobacteriaceae in all vegetable types sampled in the 
Johannesburg Metropolis. This was followed by Hafnia species, which were present in all 
vegetable samples except for broccoli. Aeromonas species were the most dominant bacteria in 
broccoli, followed by cauliflower (Figure 4.4).  
In terms of the distribution of the four most dominant Enterobacteriaceae in different vegetable 
types, spinach (24%) and cabbages (19%) were the most dominant leafy vegetables from which 
Aeromonas species were isolated. While chomolia (27%) and spinach (25%) were the most 
dominant leafy vegetable from which Hafnia species were isolated. Furthermore, Lettuce (55%) 
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and spinach (14%) were the most dominant leafy vegetables from which Pseudomonas species 
were isolated, while chomolia (23%), lettuce (17%), and cabbage (17%) were the most dominant 
leafy vegetables from which Serratia species were isolated (Figure 4.5). 
The genus Serratia (35%) was the most dominant with the most dominant of all isolates being 
Serratia liquefaciens (60.5%). The Hafnia genus (21%) had Hafnia alvei as the most dominant 
species, followed by Aeromonas (17%), with Aeromonas salmonicida (38.5%) being the most 
dominant. In the genus Pseudomonas (5%), the most dominant species was Pseudomonas 
protegens (Table 4.6). 
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Figure 4. 4: The percentage distribution of the Enterobacteriaceae genus in vegetables 
isolated sampled from markets in Johannesburg Metropolis. 
NB: The Y-axis values were calculated by expressing the number of isolates of a specific 
bacteria species, as a percentage of the total bacterial species isolated from each vegetable.  
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Figure 4. 5: The percentage distribution of four of the most dominant Enterobacteriaceae 
genus (Aeromonas, Hafnia, Pseudomonas and Serratia) in different types of leafy vegetables 
sampled from markets in the Johannesburg Metropolis. 
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Table 4.6: The percentage distribution of species of the dominant Enterobacteriaceae genus 
in leafy vegetables sampled from markets in the Johannesburg Metropolis 
 
 
Genus (%), N = 232 Dominant species (%), N = 39 
Aeromonas (17%) Aeromonas veronii (2.6%) 
Aeromonas encheleia (2.6%) 
Aeromonas hydrophila (5.1%) 
Aeromonas salmonicida (38.5%) 
Aeromonas piscola (5.1%) 
Aeromonas sobria (15.4%) 
Hafnia (21%) Dominant species (%), N = 49 
Hafnia alvei (71.4%) 
Hafnia alvei (71.4%) 
Hafnia paralvei (12.2%) 
Hafnia sp. CBA7124 (12.2%) 
Pseudomonas (5%) Dominant species (%), N = 12 
Pseudomonas protegens (50%) 
Pseudomonas japonina (8.3%) 
Pseudomonas putida (8.3%) 
Pseudomonas rhodesiae (25%) 
Serratia (35%) Dominant species (%), N = 81 
Serratia fanticola (27.2%) 
Serratia glossianae (1.2%) 
Serratia liquefaciens (60.5%)  
Serratia plymuthica (2.5%) 
  
 
 
 
4.5 DOMINANT ENTEROBACTERIACEAE SPECIES IN VEGETABLES FROM 
DIFFERENT REGIONS 
Serratia, Hafnia, and Aeromonas were the most dominant Enterobacteriaceae species isolated 
from vegetables from all the five regions in the Johannesburg Metropolis, followed by 
Pseudomonas which was present in all the regions, except Roodepoort (Figure 4.6).  
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In terms of the distribution of the four most dominant Enterobacteriaceae in different regions, 
JHB CBD (38%), Soweto (19%), and Yeoville (19%) were the most dominant regions from 
which Aeromonas species were isolated from vegetables, while JHB CBD (29%) and Yeoville 
(23%) were the most dominant regions from which Hafnia species were isolated from 
vegetables.  
Furthermore, JHB CBD (24%) and Yeoville (23%) were the most dominant regions from which 
Serratia species were isolated, while Soweto (36%) and Yeoville (29%) were the most dominant 
regions from which Pseudomonas species were isolated from vegetables (Figure 4.7). 
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Figure 4. 6: The distribution of the Enterobacteriaceae genus isolated from vegetables from 
different regions in the Johannesburg Metropolis. 
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Figure 4. 7: The percentage distribution of the four most dominant Enterobacteriaceae 
genus (Aeromonas, Hafnia, Pseudomonas and Serratia) collected from the different regions 
in the Johannesburg Metropolis. 
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4.6 DIVERSITY AND PHYLOGENETIC RELATIONSHIP OF 
ENTEROBACTERIACEAE SPECIES ISOLATED FROM DIFFERENT TYPES OF 
VEGETABLES 
The Enterobacteriaceae species isolates from broccoli were divided into two main dominant 
subphyla with the Aeromonas genus being the most genetically distant. The other phylum 
consisted of a very closely genetically related Morganella, Hafnia, Erwinia, and Serratia genera. 
Serratia liquefaciens was the most diverse species and the most distant from Aeromonas species 
(Figure 4.8). The Enterobacteriaceae species isolates from cabbage were divided into five main 
dominant subphyla with the Pseudomonas, followed by Aeromonas genera being the most 
genetically distant. The other phylum consisted of genetically closely related genera including 
Rahnella, Serratia, Enterobacter, and Hafnia. Hafnia alvei was the most diverse species and the 
most distant from the Pseudomonas and Aeromonas species (Figure 4.9). 
The Enterobacteriaceae species isolates form cauliflower were divided into three main subphyla 
consisting of Pseudomonas and Aeromonas genera, and lastly a group of closely genetically 
related genera consisting of Morganella, Hafnia, and Serratia. The most genetically distant 
genera were Aeromonas and Pseudomonas (Figure 4.10). 
The Enterobacteriaceae species isolates from chomolia were divided into three main dominant 
subphyla consisting of the Pseudomonas and Shewanella genera and lastly a group of closely 
genetically related general consisting of the Morganella, Raoultella, Kluyvera, Citrobacter, 
Hafnia, and Serratia genera. The most genetically distant genus was Pseudomonas followed by 
Sherwanella (Figure 4.11). The Enterobacteriaceae species isolates from the giant English rape 
were divided into three main subphyla with Microvirgula followed by Pseudomonas, and lastly a 
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subphylum which consists of genetically closely related Aeromonas, Serratia, Rahnella, and 
Hafnia genera. Serratia and Hafnia species were the most genetically diverse. The most 
genetically distant genus was Microvirgula followed by Pseudomonas (Figure 4.12). 
The Enterobacteriaceae species isolates from Indian kale were divided into three dominant 
subphyla consisting of Aeromonas followed by Providencia, and lastly a subphylum consisting 
mostly of genetically closely related Hafnia and Serratia genera. Serratia and Hafnia species 
were the most genetically diverse. The most genetically distant genera were Aeromonas followed 
by Providencia (Figure 4.13). The Enterobacteriaceae species isolates from lettuce were divided 
into three main dominant subphyla consisting of the Pseudomonas and Aeromonas genera, and 
lastly a subphylum consisting mostly of genetically closely related Serratia and Hafnia genera. 
Serratia and Hafnia species were the most genetically diverse. Pseudomonas followed by 
Aeromonas were the most genetically distant genus (Figure 4.14). The Enterobacteriaceae 
species isolates from spinach were divided into four main dominant subphyla consisting of 
Pseudomonas and Microvirgula genera and lastly a subphylum consisting mostly of genetically 
closely related Serratia and Hafnia genera. Serratia and Hafnia species were the most 
genetically diverse. Microvirgula followed by Pseudomonas were the most genetically distant 
genus (Figure 4.15). 
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Figure 4. 8: Phylogenetic analysis of Enterobacteriaceae species isolated from broccoli sold 
at informal markets in the Johannesburg Metropolis. 
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Figure 4. 9: Phylogenetic analysis of Enterobacteriaceae species isolated from cabbage sold 
at informal markets in the Johannesburg Metropolis. 
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Figure 4. 10: Phylogenetic analysis of Enterobacteriaceae species isolated from cauliflower 
sold at informal markets in the Johannesburg Metropolis. 
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Figure 4. 11: Phylogenetic analysis of Enterobacteriaceae species isolated from chomolia 
sold at informal markets in the Johannesburg Metropolis. 
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Figure 4. 12: Phylogenetic analysis of Enterobacteriaceae species isolated from giant 
English rape sold at informal markets in the Johannesburg Metropolis. 
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Figure 4. 13: Phylogenetic analysis of Enterobacteriaceae species isolated from Indian Kale 
sold at informal markets in the Johannesburg Metropolis. 
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Figure 4. 14: Phylogenetic analysis of Enterobacteriaceae species isolated from lettuce sold 
at informal markets in the Johannesburg Metropolis. 
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Figure 4. 15: Phylogenetic analysis of Enterobacteriaceae species isolated from spinach sold 
at informal markets in the Johannesburg Metropolis. 
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CHAPTER 5:  
DISCUSSION 
5.1 BACTERIAL QUALITY OF VEGETABLES 
All the 201 vegetable samples collected from markets from the Johannesburg Metropolis had 
aerobic bacterial growth. The reason for this is cross-contamination from other vegetables and 
poor hygiene practices of vegetable handlers at the different markets (Desiree, 2019) and also 
airborne (Xu et al, 2018). The results show that the mean aerobic plate count of vegetables sold 
in the Johannesburg CBD and Hillbrow regions are significantly (p ≤ 0.05) different from those 
from Yeoville and Soweto, while the vegetables from Roodepoort is not significantly different 
from those of the other regions. The differences in aerobic plate counts can be attributed to 
contamination from untreated irrigation water or different handling and storage procedures of the 
vegetables at different regions in the Johannesburg Metropolis (Buyukunal et al., 2015). The 
aerobic colony count of different leafy vegetable types sold the Johannesburg Metropolis were 
not significantly different (p > 0.05). This could be due to contamination from irrigation water 
used in the production of the vegetables (Benti, Kebede and Menkir, 2014). 
The aerobic growth count results from this study are much higher than that obtained from 
previous studies (Maffei, Silveira and Catanozi, 2013). The aerobic growth count is an indicator 
of hygiene quality of the vegetables. The significance of this is that the high aerobic growth 
count indicates poor vegetable quality, which may lead to a potential health risk to consumers 
(Zekar et al., 2017). From by observations and chats with the vendors, they used public toilets 
which did not have tap water for them to wash their hands. The significance of this is that 
52 
 
inadequate handwashing by vegetable handlers can increase contamination (Guangsu Xu, 2018; 
Robinson et al., 2017). Previous studies show that handwashing is important and it can reduce 
cross-contamination (Ataee et al., 2017). It was also observed that, to keep the vegetables moist, 
the vendors dip various vegetables in the same bucket of water which they will have collected 
from burst pipes or brought from their homes. This is a very unhygienic practice which might be 
one of the major contributors to cross-contamination (Murray et al., 2017), since bacteria can be 
transmitted from the contaminated water to the vegetables (Kumar and Kumar, 2017). The 
increased probability of cross-contamination could be the reason why there is no significant 
difference in the mean aerobic plate counts of different vegetables (Alemu et al., 2018).  
5.2 ENTEROBACTERIACEAE QUALITY OF VEGETABLES 
The Enterobacteriaceae counts of vegetables from each of the five regions in the Johannesburg 
Metropolis were not significantly (p ≤ 0.05) different. The reason for this is that the vegetables 
were probably produced using irrigation water which has previously been found to have a 
potential source of pathogenic contamination (Akinde et al, 2016). The high Enterobacteriaceae 
counts could be due to poor hygienic conditions. The food handlers’ hands have high prevalence 
of Enterobacteriaceae and if the proper washing procedure is not followed, the 
Enterobacteriaceae may be transmitted to the vegetables (Ntomola Sophia Swalehe, 2014), 
which results in unsatisfactory quality for consumers (Al-kharousi et al, 2016). Poor handling 
and storage at each sampling site were observed and this could result in cross contamination of 
vegetables (Lambrechts et al., 2014).  
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In a study exploring the good manufacturing practice and microbial contamination sources in 
orange-fleshed sweet potato puree, poor plant hygiene increased the contamination of the puree 
with Enterobacteriaceae and other microorganisms (Malavi et al, 2016). Enterobacteriaceae in 
hospitalised patients in a hospital in Ethiopia were transmitted from two infected children 
through poor hygiene of health workers to other paediatric patients, resulting in the spread of the 
infection (Desta et al, 2016).  
5.3 PREDOMINANT ENTEROBACTERIACEAE SPECIES IN DIFFERENT 
VEGETABLES TYPES 
This study shows that spinach (24%) and cabbage (19%) were the most dominant leafy 
vegetables from which Aeromonas species were isolated. The reason for this is that the 
Aeromonas species from the environment attach themselves onto the surface of vegetables, 
forming biofilms and resulting in their dominance. (Elhariry, 2015). Aeromonas species have 
previously been isolated from cabbage, spinach, and other vegetables from Punjab, India 
(Kamalpreet et al, 2017). Aeromonas species was identified as opportunistic species which was a 
causative agent of endophthalmitis in a 55-year old patient (Varshney et al., 2018) and can 
therefore, be a health risk to consumers. 
Chomolia (27%) and spinach (25%) were the most dominant leafy vegetable from which Hafnia 
species were isolated. The reason for this is the type of farming practices used for the production 
of these vegetables (Merlini et al., 2018). Lettuce (55%) and spinach (14%) were the most 
dominant leafy vegetables from which Pseudomonas species were isolated, possibly due to 
contamination from irrigation water or the soil where the vegetables were grown (Alam et al., 
54 
 
2015). Pseudomonas species were part of the pathogenic bacteria isolated from both irrigation 
water and vegetables in South West Nigeria, which indicated contamination of the vegetables 
was increased due to the use of contaminated irrigation water (Akinde et al, 2016). 
Chomolia (23%), lettuce (17%), and cabbage (17%) were the most dominant leafy vegetables 
from which Serratia species were isolated. The reason for this is poor hygiene practices, as 
previously show in transmission of Serratia species from hospital personnel to patients 
(Ikumapayi et al., 2016). Serratia species are a health risk to humans as they can cause 
nosocomial infections of the respiratory and urinary tracts (Yeung et al., 2018). Serratia species 
are opportunistic pathogens which were isolated from an immunocompetent patient but had 
uncontrolled diabetes, resulting in the patient suffering from severe osteomyelitis and septic 
arthritis (Hadid et al, 2015).  This is not the first time Serratia species have been isolated from 
vegetables. Previously, these species have been isolated from retail vegetables such as lettuce 
and radish sold in retail markets in Netherlands (Hoek et al, 2015).  Pseudomonas species are 
one of the most dominant isolates from vegetables with 55% isolated from lettuce, possibly due 
to poor irrigation water quality (Akinde et al., 2016). These results are in line with previous 
studies which indicated that one of the Enterobacteriaceae species transmitted by vegetables, 
such as lettuce, is the carbapenem-resistant Pseudomonas aeruginosa (Holzel et al, 2018).  
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5.4 PREDOMINANT ENTEROBACTERIACEAE SPECIES IN VEGETABLES FROM 
DIFFERENT REGIONS 
Serratia (45%), Hafnia (27%), and Aeromonas (20%) species were the most dominant 
Enterobacteriaceae isolated from leafy vegetables in all five regions in the Johannesburg 
Metropolis. This is due to poor handling of vegetables in the informal markets which could result 
in cross-contamination from hands of vendors to the displayed vegetables (Nipa et al., 2011). 
The high prevalence of these species may have been due to pre-harvest contamination from 
untreated/contaminated irrigation water (Akinde et al., 2016). Enterobacterial contamination of 
lettuce can occur through contaminated irrigation water and can continue over a long period of 
time (Oliveira et al, 2012).  
5.5 DIVERSITY OF ENTEROBACTERIACEAE SPECIES ISOLATED FROM 
DIFFERENT TYPES OF VEGETABLES 
In this study, the results show that the most genetically diverse Enterobacteriaceae communities 
were those isolated from cabbage, chomolia, and giant English rape. The reason for this is that 
the vegetables might have been exposed to different sources of contamination such as poor 
hygiene (Lehto et al., 2011), contaminated irrigation water (Akinde et al., 2016), and the use of 
contaminated organic fertilisers (Szczech et al., 2018). Previous studies conducted in Boulder 
CO, USA on Enterobacteriaceae communities associated with surfaces of fresh fruits and 
vegetables showed that vegetables such as sprouts, spinach, lettuce, tomato, pepper, and 
strawberries had high abundance of Enterobacteriaceae, but the communities differed depending 
whether the farming process was convectional or organic (Leff et al, 2013). 
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The Enterobacteriaceae communities in giant English rape and spinach were similar, but they 
differed from the closely similar Enterobacteriaceae communities of cabbage, lettuce, and 
cauliflower. The leaf surface area of spinach and giant English rape has less grooves compared to 
that of cabbage, lettuce, and cauliflower. Bacteria easily attach to vegetable surfaces with more 
grooves than those with smooth surfaces (Warning and Datta, 2017). The cabbage had the most 
diverse Enterobacteriaceae with five different subphyla, followed by spinach with four. The 
reason for this is that cabbage has the largest surface area compared to spinach and this makes it 
easy for Enterobacteriaceae to attach onto the leaf surfaces (Alemu et al, 2018). A large surface 
area increases exposure to contamination, resulting in the formation of bacteria biofilm on 
vegetable surfaces (Kyere et al, 2019). 
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CHAPTER 6:  
CONCLUSION AND RECOMMENDATIONS 
6.1 CONCLUSION 
This study shows that the vegetables sold at the informal markets in the Johannesburg Metropolis 
have high aerobic growth counts which are not significantly different across all the eight 
vegetables tested. However, the aerobic growth counts of vegetables from Johannesburg CBD 
and Hillbrow were significantly lower than those of Yeoville and Soweto. The high aerobic 
growth count is an indicator of poor hygiene.  
The study results also indicate that the Enterobacteriaceae counts of different vegetables sold at 
the informal markets in different regions in the Johannesburg Metropolis are not significantly 
different. The dominant Enterobacteriaceae genera isolated form all the regions in the 
Johannesburg Metropolis were Aeromonas, Hafnia, and Serratia, as well as Pseudomonas. These 
bacteria are opportunistic pathogens which may be a health risk to immunosuppressed consumers 
in the Johannesburg Metropolis. 
Furthermore, the results from this study demonstrate that some Enterobacteriaceae communities 
in vegetables sold in Johannesburg Metropolis are diverse and can be a health risk to consumers. 
The knowledge of composition and diversity of Enterobacteriaceae communities in these 
vegetables may be useful in the establishment of measures to control contamination of 
vegetables sold to reduce transmission of pathogens to consumers in the Johannesburg 
Metropolis.  
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6.2 RECOMMENDATIONS 
The researcher recommends that the informal market retailers regularly wash their hands and 
avoid washing various vegetables in the same bucket of water, as a precaution to reduce chances 
of cross-contamination. 
In addition, the researcher recommends that the Johannesburg Metropolis improve the sanitation 
facilities and resources by ensuring readily available running water in the public restrooms used 
by vendors to reduce transmission of bacteria from unwashed hands to vegetables. 
It is also recommended that hygiene awareness programmes be conducted by the Johannesburg 
Metropolis, Department of Health to educate both vendors and consumers on safe and hygienic 
food handling practices. 
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